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(54) FLUORORESIN FILM AND METHOD FOR PRODUCING SAME

(57) To provide a fluororesin film whereby discolor-
ation, a change in solar reflectance and deterioration of
mechanical strength can be stably and highly prevented
for a long period of time, despite containing titanium ox-
ide, and processes for its production. A fluororesin film
having a pigment dispersed in a fluororesin, wherein as
the pigment, composite particles are used which are
characterized in that each of them comprises, in order

from the inside, a particle containing titanium oxide, a
first covering layer containing a composite oxide of silicon
oxide and aluminum oxide, a second covering layer con-
taining cerium oxide and a third covering layer containing
silicon oxide, and their average particle size is from 0.15
to 3 Pm.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fluororesin film and a process for its production.

BACKGROUND ART

[0002] A fluororesin film is excellent in weather resistance, soiling resistance, etc. and thus, is used, for example, as
a roof material, a wall material, etc. of agricultural houses or film structures (such as outdoor exhibition facilities, sports
facilities). However, a fluororesin film has a high solar transmittance, and therefore, when it is used as a roof material,
a wall material, etc., the inside tends to be too bright, or the inside temperature tends to increase too much, and in some
cases, it is required to suppress the solar transmittance.
[0003] As a method to suppress the solar transmittance of a fluororesin film, a method of reflecting the direct sunlight,
a method of absorbing the direct sunlight, etc. may be mentioned. Among them, the method of reflecting the direct
sunlight is preferred, since by the method of absorbing the direct sunlight, the temperature of the fluororesin film increases,
whereby the mechanical strength of the film deteriorates. As a method of reflecting direct sunlight entering into a fluororesin
film, a method may, for example, be mentioned wherein a white pigment such as a titanium oxide pigment having a high
refractive index is dispersed in the fluororesin film.
[0004] However, a fluororesin film containing a titanium oxide pigment has the following problems.

(i) Titanium oxide is likely to undergo discoloration or decomposition by ultraviolet rays. As a result, the fluororesin
film is likely to undergo discoloration or a change in the solar reflectance.
(ii) By photocatalysis of titanium oxide by ultraviolet rays, the fluororesin film is likely to undergo discoloration, or
the mechanical strength of the fluororesin film tends to deteriorate. As a result, a change in the solar reflectance of
the fluororesin film occurs.
(iii) Hydrogen fluoride is formed by decomposition of the fluororesin by the photocatalysis of titanium oxide, and by
such hydrogen fluoride, the white pigment as well as other coloring pigments incorporated to the film undergoes
color fading. As a result, discoloration or a change in the solar reflectance of the fluororesin film occurs.

[0005] As a pigment to solve the above problem (i), the following pigments have been proposed.

(1) A pigment having cerium oxide and dense amorphous silica precipitated on the surface of rutile-type titanium
oxide, wherein the amount of cerium oxide is from 0.01 to 1.0 mass% of titanium oxide, and the amount of the dense
amorphous silica is from 1 to 8 mass% of titanium oxide (Patent Document 1).
(2) A pigment made of rutile-type titanium oxide particles having a covering layer made of alumina or alumina/silica,
wherein the surface of the particles has cerium cations in an amount of from 0.5 to 2 mass% of titanium oxide and
a stoichiometric amount of sulfate anions, phosphate anions or silicate anions bonded thereto (Patent Document 2).

[0006] The above pigments (1) and (2) are able to suppress discoloration or decomposition of the pigments themselves
by ultraviolet rays but are not able to sufficiently suppress the photocatalysis of the pigments. Particularly, such pigments
are not supposed to be used together with a fluororesin, the durability against hydrogen fluoride is insufficient. Therefore,
they cannot solve the problems (ii) and (iii), whereby discoloration, a change in the solar reflectance or deterioration of
the mechanical strength of the fluororesin film occurs.
[0007] On the other hand, the following pigment has been proposed as a pigment to be contained in a coating layer
to be formed on a fluororesin film.

(3) Composite particles having a three-layered structure which comprises, in order from the inside, a particle con-
taining titanium oxide, a covering layer containing cerium oxide and a covering layer containing silicon oxide (Patent
Document 3).

[0008] By such composite particles, the photocatalysis of titanium oxide is reduced by cerium oxide. Further, by the
covering layer containing silicon oxide as an outer layer of cerium oxide, the reaction of cerium oxide with hydrogen
fluoride formed in the coating layer is prevented, whereby the effect to prevent the photocatalysis is maintained.
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PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0009]

Patent Document 1:  JP-A-7-315838
Patent Document 2:  JP-A-59-184264
Patent Document 3:  W02008/078657

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0010] As a method to solve the above problems (i) to (iii) in a fluororesin film having a titanium oxide pigment dispersed
therein, a method of employing the above composite particles (3) as disclosed in Patent Document 3, is conceivable.
However, when the present inventors have studied a fluororesin film having the composite particles (3) dispersed therein,
it has been found that discoloration, a change in solar reflectance and deterioration of mechanical strength of such a
fluororesin film cannot sufficiently be prevented.
[0011] It is an object of the present invention to provide a fluororesin film whereby discoloration, a change in solar
reflectance and deterioration of mechanical strength can be stably and highly prevented for a long period of time, despite
containing titanium oxide, and a process for its production.

SOLUTION TO PROBLEM

[0012] The fluororesin film of the present invention comprises a fluororesin and the following composite particles
dispersed in the fluororesin.

(Composite particles)

[0013] Composite particles characterized in that each of them comprises, in order from the inside, a particle containing
titanium oxide, a first covering layer containing silicon oxide or a composite oxide of silicon oxide and aluminum oxide,
a second covering layer containing cerium oxide and a third covering layer containing silicon oxide, and their average
particle size is from 0.15 to 3 Pm.
[0014] The fluororesin film of the present invention preferably employs composite particles wherein per 100 parts by
mass of the titanium oxide, the silicon oxide in the first covering layer is from 0.5 to 15 parts by mass, the cerium oxide
in the second covering layer is from 3 to 35 parts by mass, and the silicon oxide in the third covering layer is from 5 to
60 parts by mass.
[0015] Further, the content of the composite particles is preferably at most 20 mass%.
[0016] Further, the solar reflectance is preferably from 15 to 90% as measured in accordance with JIS R3106.
[0017] Further, the above fluororesin is preferably an ethylene/tetrafluoroethylene copolymer.
[0018] The process for producing a fluororesin film of the present invention is a process which comprises surface-
treating the surface of the composite particles with a surface-covering agent to adjust methanol hydrophobicity of the
composite particles, kneading the surface-treated composite particles and a fluororesin to obtain a resin composition,
and forming the resin composition into a film-form.
[0019] Further, the process for producing a fluororesin film of the present invention is a process which comprises
kneading the composite particles, a fluororesin and a metallic soap to obtain a resin composition, and forming the resin
composition into a film-form.

ADVANTAGEOUS EFFECTS OF INVENTION

[0020] According to the fluororesin film of the present invention, discoloration, a change in solar reflectance and
deterioration of mechanical strength can be stably and highly prevented for a long period of time, despite containing
titanium oxide.
[0021] Further, according to the process of the present invention, it is possible to obtain a fluororesin film whereby
discoloration, a change in solar reflectance and deterioration of mechanical strength can be stably and highly prevented
for a long period of time, despite containing titanium oxide.
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DESCRIPTION OF EMBODIMENTS

[0022] The fluororesin film of the present invention comprises a fluororesin and the following composite particles
dispersed in the fluororesin.

[Composite particles]

[0023] The composite particles of the present invention are composite particles each comprising, in order from the
inside, a particle containing titanium oxide, a first covering layer containing silicon oxide or a composite oxide of silicon
oxide and aluminum oxide, a second covering layer containing cerium oxide and a third covering layer containing silicon
oxide.
[0024] The average particle size of the composite particles is from 0.15 to 3 Pm, preferably from 0.2 to 2 Pm. The
average particle size of the composite particles is meant for an average particle size of particles each comprising from
the particle containing titanium oxide to the third covering layer. That is, even if another layer is provided as an outer
layer of the third covering layer, the average particle size of composite particles is meant for an average particle size
with respect to particles up to the third covering layer.
[0025] When the average particle size of the composite particles is at least 0.15 Pm, it is possible to sufficiently reflect
direct sunlight, as is different from composite particles (average particle size: at most 0.1 Pm) to be used for cosmetics
required to have transparency. When the average particle size of the composite particles is at most 3P m, it is possible
to produce a thin fluororesin film having a thickness of at most 50 Pm. The average particle size of the composite particles
is preferably from 1.1 times to 10 times the average particle size of the particle containing titanium oxide to be used as
a core.
[0026] The average particle size of the composite particles is measured by using a scanning electron microscope
(SEM). As the measuring method, a method may be mentioned wherein the composite particles of the present invention
are, for example, put in an alcohol such as isopropanol, and after adjusting the solid content concentration to be about
0.1 mass%, the composite particles are completely dispersed by e.g. ultrasonic waves, followed by dropping on a
collodion film and drying, whereupon SEM observation is carried out. In this specification, the particle size is meant for
a particle diameter of a particle observed. Further, the average particle size is meant for an average value of twenty
particles randomly selected in the obtained SEM image. In the present invention, the average particle size is calculated
by such a method.

(Particle containing titanium oxide)

[0027] The composite particles of the present invention are required to sufficiently reflect direct sunlight, and accord-
ingly, as the core, a particle containing titanium oxide having a high refractive index is used. As disclosed in JP-A-
10-292056, if silicon oxide particles having a low refractive index (such as silica, talc or mica) are employed, the direct
sunlight cannot adequately be reflected, and a large amount of composite particles will be required in order to improve
the solar reflectance of the fluororesin film.
[0028] The particle containing titanium oxide may, for example, be a titanium oxide pigment, a titanium oxide-covered
mica or a pigment of a composite oxide containing titanium oxide. Among them, a titanium oxide pigment is preferred
from the reflection of direct sunlight, and a titanium oxide pigment having a high sphericity is more preferred.
[0029] The composite oxide containing titanium oxide may, for example, be CrSbTI oxide (orange color), FeAlTi oxide
(orange color), NiSbTi oxide (lemon color), NiCoZnTi oxide (green color) or MnSbTi oxide (brown color). Further, the
pigment of such a composite oxide may, for example, be a yellow pigment (such as titanium yellow or chromium yellow),
a green pigment (such as cobalt/zinc/titanium) or a brown pigment (such a manganese brown).
[0030] Also a composite oxide containing titanium oxide undergoes discoloration and decomposition by ultraviolet
rays and further shows photocatalysis. Therefore, the particle of such a composite oxide is covered by a first covering
layer containing silicon oxide or a composite oxide of silicon oxide and aluminum oxide, a second covering layer containing
cerium oxide and a third covering layer containing silicon oxide. It is thereby possible to obtain composite particles which
are capable of constantly and highly preventing discoloration, decomposition and photocatalysis by ultraviolet rays and
which are excellent in durability against hydrogen fluoride and have an inherent color of the particle of such a composite
oxide used as the core.
[0031] The average particle size of the particle containing titanium oxide is preferably from 0.1 to 2 Pm, more preferably
from 0.2 to 1 Pm. When the particle containing titanium oxide has an average particle size of at least 0.1 Pm, it tends
to sufficiently reflect direct sunlight, as is different from a titanium oxide pigment for application to cosmetics where
transparency is required (average particle size: at most 0.05 Pm). When the average particle size of the particle containing
titanium oxide is at most 2 Pm, it is possible to produce a thin fluororesin film having a thickness of at most 50 Pm.
[0032] The average particle size of the particle containing titanium oxide is obtained as an average value of twenty
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particles randomly selected in a SEM image in the same manner as for the average particle size of composite particles
of the present invention.

(First covering layer)

[0033] The first covering layer is a layer containing silicon oxide or a composite oxide of silicon oxide and aluminum
oxide. By providing the first covering layer, discoloration, decomposition and photocatalysis of titanium oxide by ultraviolet
rays can be prevented, and discoloration, a change in solar reflectance and deterioration of mechanical strength of the
fluororesin film can be stably and highly prevented.
[0034] The silicon oxide may, for example, be crystalline silica formed by hydrolysis of ethyl silicate or the like, or non-
crystalline amorphous silica made of water glass containing sodium ions, etc.
[0035] The first covering layer is preferably a layer containing silicon oxide as the main component. The layer containing
silicon oxide as the main component is a layer wherein the content of silicon oxide is at least 50 mass%. The content
of silicon oxide in the layer containing silicon oxide as the main component is preferably at least 60 mass%, more
preferably at least 75 mass%, particularly preferably 100 mass%.
[0036] The first covering layer may be composed of a single layer or may be composed of a plurality of layers. In a
case where the first covering layer is composed of a plurality of layers, a part of the first covering layer may be a layer
wherein the content of silicon oxide is less than 50 mass% (provided that it is not zero and preferably at least 10 mass%).
In such a case, the layer containing silicon oxide as the main component is preferably at least 50 mass%, more preferably
at least 65 mass%, based on the entire first covering layer.
[0037] A component other than silicon oxide which may be contained in the first covering layer may be a metal oxide
other than silicon oxide, such as aluminum oxide, aluminum hydroxide or zirconium oxide. Among them, aluminum oxide
or aluminum hydroxide is preferred, since dispersibility of particles in water or the like is thereby improved at the time
of forming the second covering layer on the first covering layer in the production of composite particles.
[0038] Silicon oxide in the first covering layer may form a composite oxide with such another metal oxide.
[0039] The amount of silicon oxide contained in the first covering layer is preferably from 0.5 to 15 parts by mass,
more preferably from 1 to 12 parts by mass, further preferably from 1 to 11 parts by mass, per 100 parts by mass of
titanium oxide in the particle containing titanium oxide. When the amount of silicon oxide per 100 parts by mass of
titanium oxide is at least 0.5 part by mass, discoloration, a change in solar reflectance and deterioration of mechanical
strength of the fluororesin film can easily be prevented. Further, when the amount of silicon oxide is at least 1 mass%,
it becomes easy to completely cover the surface of the particle containing titanium oxide with silicon oxide, thereby to
prevent discoloration, decomposition and photocatalysis of titanium oxide, whereby the effect to prevent discoloration,
a change in solar reflectance and deterioration of mechanical strength of the fluororesin film can easily be obtained.
[0040] In a case where the first covering layer contains another metal oxide, the amount of silicon oxide contained in
the first covering layer does not include the amount of such another metal oxide. Further, in a case where the first
covering layer is composed of a plurality of layers, the amount of silicon oxide is the total amount of silicon oxide in all
of such layers.

(Second covering layer)

[0041] The second covering layer is a layer containing cerium oxide. Cerium oxide has a high ultraviolet ray-shielding
ability. Therefore, by forming the second covering layer, it is possible to reduce ultraviolet rays that reach the particle
containing titanium oxide.
[0042] The second covering layer is preferably a layer containing cerium oxide as the main component. The layer
containing cerium oxide as the main component is a layer wherein the content of cerium oxide is at least 60 mass%.
The content of cerium oxide in the layer containing cerium oxide as the main component is preferably at least 75 mass%,
more preferably at least 85 mass%, particularly preferably 100 mass%.
[0043] The second covering layer may be composed of a single layer or may be composed of a plurality of layers. In
a case where the second covering layer is composed of a plurality of layers, a part of the second covering layer may be
a layer wherein the content of cerium oxide is less than 60 mass% (provided that it is not zero and preferably at least
10 mass%). In such a case, the layer containing cerium oxide as the main component is preferably at least 60 mass%,
more preferably at least 80 mass%, based on the entire second covering layer.
[0044] A component other than cerium oxide contained in the second covering layer may, for example, be a metal
oxide other than cerium oxide, such as cerium hydroxide.
[0045] Cerium oxide in the third covering layer may form a composite oxide with such another metal oxide.
[0046] The amount of cerium oxide contained in the second covering layer is preferably from 3 to 35 parts by mass,
more preferably from 3 to 30 parts by mass, further preferably from 5 to 30 parts by mass, particularly preferably from
8 to 20 parts by mass, per 100 parts by mass of titanium oxide in the particle containing titanium oxide. When the amount
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of cerium oxide per 100 parts by mass of titanium oxide is at least 3 parts by mass, a sufficiently high ultraviolet ray-
shielding ability can easily be obtained. Particularly in an application where the conditions are severer, the amount of
cerium oxide per 100 parts by mass of titanium oxide is preferably at least 5 parts by mass. When the amount of cerium
oxide per 100 parts by mass of titanium oxide is at most 35 parts by mass, a yellow tint specific to cerium oxide can be
suppressed, so that the inherent color of the particle containing titanium oxide used as the core can easily be reproduced.
Further, by the first covering layer containing silicon oxide as the main component, deterioration of the adhesion with
the particle containing titanium oxide can easily be prevented. The pigment disclosed in Patent Document 1 has an
extremely small amount of cerium oxide, whereby the ultraviolet ray-shielding ability is inadequate, and the photocatalysis
of the pigment is not sufficiently prevented.
[0047] In a case where the second covering layer contains another metal oxide, the amount of cerium oxide contained
in the second covering layer does not include the amount of such another metal oxide. Further, in a case where the
second covering layer is composed of a plurality of layers, the amount of cerium oxide is the total amount of cerium
oxide in all of such layers.

(Third covering layer)

[0048] The third covering layer is a layer containing silicon oxide.
[0049] Silicon oxide in the third covering layer reduces the yellow tint of cerium oxide. Therefore, by providing the third
covering layer, the inherent color of the particle containing titanium oxide used as a core can be reproduced. Further,
as compared with cerium oxide, silicon oxide has high durability against hydrogen fluoride formed from a fluororesin,
although the ultraviolet ray-shielding ability may be low as compared with cerium oxide. As a result, by providing the
third covering layer, it is possible to protect the second covering layer containing cerium oxide from hydrogen fluoride
and to prevent deterioration of the ultraviolet ray-shielding ability of the second covering layer.
[0050] The silicon oxide to be contained in the third covering layer may, for example, be crystalline silica formed by
hydrolysis of ethyl silicate or the like, or non-crystalline amorphous silica made of water glass containing sodium ions, etc.
[0051] The third covering layer is preferably a layer containing silicon oxide as the main component. The layer containing
silicon oxide as the main component is a layer wherein the content of silicon oxide is at least 50 mass%. The content
of silicon oxide in the layer containing silicon oxide as the main component is preferably at least 60 mass%, more
preferably at least 75 mass%, particularly preferably 100 mass%.
[0052] The third covering layer may be composed of a single layer or may be composed of a plurality of layers. In a
case where the third covering layer is composed of a plurality of layers, a part of the third covering layer may be a layer
wherein the content of silicon oxide is less than 50 mass% (provided that it is not zero and preferably at least 10 mass%).
In such a case, the layer containing silicon oxide as the main component is preferably at least 50 mass%, more preferably
at least 60 mass%, based on the entire third covering layer.
[0053] A component other than silicon oxide contained in the third covering layer may, for example, be a metal oxide
other than silicon oxide, such as aluminum oxide or zirconium oxide. Among them, aluminum oxide is preferred, since
dispersibility of composite particles in water or the like is thereby improved.
[0054] The silicon oxide in the third covering layer may form a composite oxide with such another metal oxide.
[0055] The third covering layer may be the same or different from the first covering layer.
[0056] The amount of silicon oxide contained in the third covering layer is preferably from 5 to 60 parts by mass, more
preferably from 10 to 50 parts by mass, further preferably from 10 to 30 parts by mass, per 100 parts by mass of titanium
oxide in the particle containing titanium oxide. When the amount of silicon oxide per 100 parts by mass of titanium oxide
is at least 5 parts by mass, it becomes easy to protect the second covering layer containing cerium oxide from hydrogen
fluoride. When the amount of silicon oxide per 100 parts by mass of titanium oxide is at most 60 parts by mass, it is easy
to prevent the third covering layer from becoming too thick, whereby the third covering layer tends to scarcely detach
at the time of preparing a composition for forming a coating layer. Further, deterioration of the refractive index of composite
particles can be suppressed, whereby it is easy to control the amount of composite particles required to suppress the
solar reflectance of the fluororesin film. The pigment disclosed in Patent Document 1 is not supposed to be used together
with a fluororesin, and therefore, the amount of dense amorphous silica is relatively small, whereby there may be a case
where cerium oxide cannot be sufficiently protected from hydrogen fluoride.
[0057] Further, the amount of silicon oxide contained in the third covering layer is preferably from 50 to 300 parts by
mass, more preferably from 100 to 200 parts by mass, per 100 parts by mass of cerium oxide contained in the second
covering layer. When the amount of silicon oxide per 100 parts by mass of cerium oxide is at least 50 parts by mass, it
is easy to protect the second covering layer containing cerium oxide from hydrogen fluoride. When the amount of silicon
oxide per 100 parts by mass of cerium oxide is at most 300 parts by mass, the third covering layer can easily be prevented
from becoming too thick, whereby the third covering layer tends to scarcely detach at the time of preparing the fluororesin
film. Further, deterioration of the refractive index of composite particles can be prevented, whereby it is easy to control
the amount of composite particles required to suppress the solar reflectance of the fluororesin film.
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[0058] In a case where the third covering layer contains another metal oxide, the amount of silicon oxide contained
in the third covering layer does not include the amount of such another metal oxide. Further, in a case where the third
covering layer is composed of a plurality of layers, the amount of silicon oxide is the total amount of silicon oxide in all
of such layers.

(Another layer)

[0059] The composite particles of the present invention may have, as the case requires, another layer between the
second covering layer and the third covering layer, or outside of the third covering layer.
[0060] Such another layer may, for example, be an aluminum oxide layer, an aluminum hydroxide layer or a surfactant
layer, to be formed outside of the third covering layer. The aluminum oxide layer, the aluminum hydroxide layer or the
surfactant layer is a layer to improve the affinity (dispersibility) of composite particles to the fluororesin. The surfactant
may, for example, be silicone oil, stearic acid, etc.

(Process for producing composite particles)

[0061] The composite particles of the present invention may be produced, for example, by the following process (A)
having steps (a) to (d) or by the following process (B) having steps (e) to (h).

PROCESS (A):

[0062]

(a) A step of forming a first covering layer on a particle containing titanium oxide to obtain a silicon oxide-covered
particle.
(b) A step of depositing an insoluble cerium compound on the silicon oxide-covered particle to obtain an insoluble
cerium compound-covered particle.
(c) A step of forming a third covering layer on the insoluble cerium compound-covered particle to obtain a precursor
particle.
(d) A step of firing the precursor particle to convert the insoluble cerium compound to cerium oxide thereby to obtain
a composite particle.
PROCESS (B):
(e) A step of forming a first covering layer on a particle containing titanium oxide to obtain a silicon oxide-covered
particle.
(f) A step of depositing an insoluble cerium compound on the silicon oxide-covered particle to obtain an insoluble
cerium compound-covered particle.
(g) A step of firing the insoluble cerium compound-covered particle to convert the insoluble cerium compound to
cerium oxide thereby to obtain a cerium oxide-covered particle.
(h) A step of forming a third covering layer on the cerium oxide-covered particle to obtain a composite particle.

DETAILS OF PROCESS (A)

STEP (a):

[0063] The first covering layer is formed, for example, by a method (a1) disclosed in JP-A-53-33228 or a method (a2)
disclosed in JP-A-58-84863.

(a1) While maintaining a slurry of particles containing titanium oxide at from 80 to 100°C, the pH of the slurry is
adjusted to from 9 to 10.5, and sodium silicate is rapidly added, followed by neutralization so that the pH becomes
from 9 to 10.5 again, and then, the slurry is maintained at from 80 to 100°C for from 50 to 60 minutes.
(a2) While maintaining a slurry of particles containing titanium oxide at from 60 to 100°C, a silicate solution is added,
and then a mineral acid is gradually added or a silicate solution and a mineral acid are simultaneously added to
adjust the pH of the slurry to at least 8, to obtain a covering treatment product. Then, a solid-liquid separated covering
treatment product is heated and fired to remove crystallization water from the covering layer to modify the covering
layer to a layer containing silicon oxide thereby to obtain a heat-fired product (silicon oxide-covered particles).

[0064] The firing temperature is preferably from 300 to 1,000°C, more preferably from 500 to 900°C. When the firing
temperature is at least 300, crystallization water tends to be readily removed. When the firing temperature is at most
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1,000°C, it is easy to prevent sintering from proceeding thereby to prevent particles containing titanium oxide from being
firmly agglomerated one another.
[0065] The above methods (a1) and (a2) are widely carried out, and the product is commercially available as weather
resistant titanium oxide. As a silicon oxide-covered particle having the first covering layer formed on the particle containing
titanium oxide, a commercial product may be used.
[0066] Specifically, trade name "CR90", "PFC105" (manufactured by Ishihara Sangyo Kaisha, Ltd.), "FTR700", "D918"
(manufactured by Sakai Chemical Industry Co., Ltd.), "JR805", "JR806" (manufactured by Tayca Corporation), etc. may
be mentioned.
[0067] Further, other than the above methods (a1) and (a2), for the purpose of preventing photocatalysis of a titanium
oxide pigment, a method has been proposed to cover the surface with a water-containing oxide (or a hydrate oxide or
a hydroxide) of e.g. silicon oxide or aluminum oxide, or an inorganic compound such as an anhydrous oxide. For example,
methods disclosed in JP-A-10-130527, JP-A-8-259731, JP-A-10-110115, JP-A-2008-81578 and JP-A-2006-182896
may be used. According to the method disclosed in JP-A-10-130527, it is possible to obtain silicon oxide-covered particles
having high density silica and porous silica sequentially covered on the surface of titanium oxide particles.

STEP (b):

[0068] The insoluble cerium compound is a cerium compound insoluble in water. The insoluble cerium compound
may, for example, be cerium hydroxide, cerium phosphate or cerium carbonate, and cerium hydroxide is preferred.
[0069] The insoluble cerium compound-covered particle may be produced, for example, by the following method.
[0070] The silicon oxide-covered particles are dispersed in water to obtain an aqueous dispersion. While heating such
an aqueous dispersion, an aqueous sodium nitrate solution is dropwise added to the aqueous dispersion. Then, an
aqueous sodium hydroxide solution is dropwise added to the aqueous dispersion so that the pH of the aqueous dispersion
becomes from 7 to 9, whereby cerium hydroxide is deposited on the silicon oxide-covered particles. Then, the liquid
containing the insoluble cerium compound-covered particles is subjected to filtration, and the insoluble cerium compound-
covered particles are washed with water and dried.

STEP (c):

[0071] The third covering layer is formed by hydrolyzing a silicate (such as sodium silicate) or by hydrolyzing an
alkoxysilane (such as ethyl silicate).
[0072] The precursor particles may be produced, for example, by the following method.
[0073] The insoluble cerium compound-covered particles are dispersed in water by means of a dispersing machine,
an emulsifying machine or the like, to obtain an aqueous dispersion. While stirring such an aqueous dispersion, an
aqueous silicate solution (such as No. 3 sodium silicate) is dropwise added to such an aqueous dispersion, followed by
hydrolysis to form the third covering layer on the insoluble cerium compound-covered particles. The liquid containing
the precursor particles is subjected to filtration, and the precursor particles are washed with water and dried.

STEP (d):

[0074] Cerium oxide is chemically stable as compared with the insoluble cerium salt, and therefore, firing is carried
out. The firing temperature is preferably from 200 to 1,000°C, more preferably from 400 to 600°C.
[0075] The firing time is preferably from 1 to 3 hours.
[0076] Agglomerates of fired particles are pulverized to obtain composite particles.

DETAILS OF PROCESS (B)

STEP (e):

[0077] Step (e) is carried out in the same manner as in Step (a).

STEP (f):

[0078] Step (f) is carried out in the same manner as in Step (b).

STEP (g):

[0079] Cerium oxide is chemically stable as compared with the insoluble cerium salt, and therefore, firing is carried
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out. The firing temperature is preferably from 200 to 1,000°C, more preferably from 400 to 600°C.
[0080] The firing time is preferably from 1 to 3 hours.
[0081] Agglomerates of fired particles are pulverized to obtain cerium oxide-covered particles.

STEP (h):

[0082] Composite particles can be produced, for example, by the following method.
[0083] The cerium oxide-covered particles are dispersed in a water/alcohol mixed dispersing medium to obtain a
dispersion. While stirring such a dispersion, an alkoxysilane (such as ethyl silicate) is added to the dispersion, followed
by hydrolysis to form the third covering layer on the cerium oxide-covered particles. The liquid containing the composite
particles are subjected to filtration, and the composite particles are washed with water and dried (if necessary, fired).

[Fluororesin]

[0084] The fluororesin may, for example, be a vinyl fluoride type polymer, a vinylidene fluoride type polymer, a vinylidene
fluoride/hexafluoropropylene copolymer, a tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride copolymer, a
tetrafluoroethylene/propylene copolymer, a tetrafluoroethylene/vinylidene fluoride/propylene copolymer, an ethylene/
tetrafluoroethylene copolymer (hereinafter referred to as "ETFE"), a hexafluoropropylene/tetrafluoroethylene copolymer,
a perfluoro(alkyl vinyl ether)/tetrafluoroethylene copolymer or tetrafluoroethylene (PTFE).
[0085] As the fluororesin, one type may be used alone, or two or more types may be used in combination.
[0086] As the fluororesin, ETFE, a hexafluoropropylene/tetrafluoroethylene copolymer, a perfluoro(alkyl vinyl ether)/
tetrafluoroethylene copolymer, a tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride copolymer or a vinylidene
fluoride type polymer is preferred, since it is excellent in transparency and weather resistance. Among them, ETFE is
more preferred.

[Fluororesin film]

[0087] The content of the composite particles in the fluororesin film may be suitably adjusted to obtain a desired solar
reflectance taking into consideration the thickness of the fluororesin film. The content of the composite particles is
preferably at most 20 mass%, particularly preferably at most 10 mass%, in the fluororesin film (100 mass%). If the
content of the composite particles exceeds 20 mass%, non-tackiness and soiling resistance of the fluororesin film are
likely to be substantially impaired. Further, in order to control the solar reflectance to be at least 15%, the content of the
composite particles is preferably at least 0.02 mass%, more preferably at least 0.06 mass%, as a film having a thickness
of 500 Pm.
[0088] The fluororesin film may contain a pigment other than the composite particles. Such another pigment may be
a coloring pigment such as an organic pigment or an inorganic pigment. Specifically, it may, for example, be carbon
black (black pigment), iron oxide (red pigment), aluminum cobalt oxide (blue pigment), copper phthalocyanine (blue
pigment, green pigment), perylene (red pigment) or bismuth vanadate (yellow pigment).
[0089] The thickness of the fluororesin film is preferably from 5 to 500 Pm, more preferably from 20 to 300 Pm. If the
thickness of the film exceeds 500 Pm, the flexibility of the film tends to be inadequate, and it may not be possible to
meet with a design of a film having a curved surface. Further, if the thickness is less than 5 Pm, the handling tends to
be difficult, and at the same time, it may not be possible to satisfy the mechanical strength expected as a structural material.
[0090] The solar reflectance of the fluororesin film is preferably from 15 to 90%, more preferably from 30 to 65%.
When the solar reflectance of the fluororesin film is at most 90%, light of at least 300 lux which is at least required for
human activities in the daytime, can easily be maintained. When the solar reflectance is at least 15%, it is easy to prevent
the temperature in an agricultural house or in a film structure from becoming too high. Further, when the solar reflectance
is from 30 to 65%, it is possible to attain a screen effect such that the interior is hardly seen through, and it is easy to
present a temperature or light environment comfortable to humans. The solar reflectance may be suitably determined
depending upon the application of the fluororesin film of the present invention, for example, depending upon the type of
the film structure such as a sport facility, a commercial facility, a zoo, a botanical garden, etc. or the type of plants
cultivated in an agricultural house.
[0091] The solar reflectance of the fluororesin film is measured in accordance with JIS R3106 "Test methods for
transmittance/reflectance/emissivity/solar radiation heat acquisition rate of plate glasses".

(Process for producing fluororesin film)

[0092] The fluororesin film may be produced, for example, by kneading the fluororesin and the composite particles to
form a resin composition, and forming the resin composition into a film by a known forming method.
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[0093] In order to prevent agglomeration of the composite particles during the kneading, it is preferred to employ the
following method (x) or (y).

(x) A method of preliminarily surface-treating the surface of the composite particles with a surface covering agent
to adjust methanol hydrophobicity of the composite particles.
(y) A method of adding a metallic soap represented by a stearic acid salt, to the fluororesin together with the composite
particles at the time of the kneading.

METHOD (x):

[0094] The surface-covering agent is one which can be firmly bonded to the surface of the composite particles and
which can increase the hydrophobicity. Such a surface-covering agent is preferably a reactive silicon compound wherein
a hydroxy group or a hydrolyzable group is directly bonded to a silicon atom, more preferably an organic silicon compound
which has a hydroxy group or a hydrolyzable group and wherein a hydrophobic organic group is bonded to a silicon
atom by a carbon-silicon bond.
[0095] The hydrolyzable group may, for example, be an alkoxy group, an acyloxy group, an amino group, an isocyanate
group or a chlorine atom. Among them, an alkoxy group having at most four carbon atoms is preferred, and a methoxy
group or an ethoxy group is more preferred. It is preferred that from 1 to 4 hydrolyzable groups are bonded to a silicon
atom, and it is more preferred that from 2 to 3 hydrolyzable groups are bonded to a silicon atom.
[0096] The hydrophobic organic group is preferably a hydrocarbon group having no reactive functional group or hy-
drophilic group, or a fluorinated hydrocarbon group. Here, a usual silane coupling agent wherein an organic group having
a reactive functional group having a high hydrophilicity (e.g. an epoxy group, an amino group or the like) is bonded to
a silicon atom, is not suitable as the surface-covering agent.
[0097] As the hydrocarbon group or the fluorinated hydrocarbon group, an alkyl group, an alkenyl group, an aryl group,
an aralkyl group, a fluoroalkyl group or a fluoroaryl group may, for example, be mentioned. Among them, a C2-20 alkyl
group, a C2-20 fluoroakyl group having at least one fluorine atom, or a phenyl group (which may be substituted by an
alkyl group or a fluoroalkyl group) is, for example, preferred.
[0098] The organic silicon compound may be an organosilicone compound wherein a hydroxy group or a hydrolyzable
group is directly bonded to a silicon atom. The organic group in the organosilicone compound is preferably an alkyl group
having at most 4 carbon atoms, or a phenyl group. As such an organosilicone compound, a silicone oil may be mentioned.
[0099] As specific examples of the organic silicon compound, the following compounds may, for example, be men-
tioned.
[0100] Tetraalkoxysilanes: tetraethoxysilane, tetramethoxysilane, etc.
[0101] Trialkoxysilanes: isobutyltrimethoxysilane, hexyltrimethoxysilane, (3,3,3-trifluoropropyl)trimethoxysilane, etc.
[0102] Silicone oils: dimethylsilicone oil, methylhydrogen silicone oil, phenylmethyl silicone oil, etc.
[0103] Among them, isobutyltrimethoxysilane, hexyltrimethoxysilane or dimethylsilicone oil is preferred.
[0104] The amount of the surface-covering agent is proportional to the size of the specific surface area of the composite
particles. If the amount of the surface-covering agent is too small, it is likely that the composite particles undergo color
change to black or brown color during the kneading. If the amount of the surface-covering agent is too much, agglomerates
made of the surface-covering agent are likely to appear as hard spots thereby to impair the appearance of the fluororesin
film.
[0105] The amount of the surface-covering agent is suitably adjusted to attain the desired methanol hydrophobicity.
[0106] The methanol hydrophobicity of the surface-treated composite particles is preferably from 40 to 75%, more
preferably from 60 to 70%. When the methanol hydrophobicity of the composite particles is at least 40%, the dispersibility
in a fluororesin will be good, and discoloration of the fluororesin can be prevented.
[0107] A preferred methanol hydrophobicity of the composite particles varies to some extent depending upon the type
of the fluororesin.
[0108] In a case where the fluororesin is ETFE, the methanol hydrophobicity of the composite particles is preferably
from 40 to 70%.
[0109] In a case where the fluororesin is a hexafluoropropylene/tetrafluoroethylene copolymer or a perfluoro(alkyl
vinyl ether)/tetrafluoroethylene copolymer, the methanol hydrophobicity of the composite particles is preferably from 60
to 75%.
[0110] In a case where the fluororesin is a tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride copolymer, the
methanol hydrophobicity of the composite particles is preferably from 40 to 70%.
[0111] The methanol hydrophobicity is an index showing the hydrophobicity of the composite particles. The methanol
hydrophobicity is measured by the following method.
[0112] Into a 300 mL beaker, 50 mL of distilled water is put, and while thoroughly stirring the distilled water, 5 g of the
composite particles are added. If the composite particles are uniformly dispersed in distilled water, the composite particles
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are excellently compatible with distilled water, and the methanol hydrophobicity is 0%. In a case where the composite
particles are not uniformly dispersed in distilled water, methanol is gradually dropwise added to the distilled water. From
the total amount M (unit: mL) of methanol added until the composite particles are uniformly dispersed in the aqueous
solution, the methanol hydrophobicity D (unit: %) is obtained by the following formula. 

METHOD (y):

[0113] As the metallic soap, a stearic acid salt (lithium stearate or zinc stearate) may, for example, be mentioned.
[0114] At the time of kneading the composite particles with the fluororesin, the stearic acid salt will be selectively
coordinated to the composite particles and acts as a surfactant, such being desirable. By such an action, wettability
between the highly hydrophilic composite particles and the highly hydrophobic fluororesin will be improved at the time
of the kneading, and they can be blended with good dispersibility without agglomeration of the composite particles, such
being desirable.
[0115] In the case of using the metallic soap, the amount of the metallic soap is preferably from 0.1 to 10 parts by
mass, more preferably from 0.5 to 2 parts by mass, per 100 parts by mass of the composite particles.
[0116] In the fluororesin film of the present invention as described above, the above-described composite particles
are dispersed as a pigment, whereby discoloration, a change in solar reflectance and deterioration of mechanical strength
can be stably and highly prevented for a long period of time, despite containing titanium oxide. Such effects in the
fluororesin film of the present invention are brought about by the above-described composite particles. Now, the advan-
tageous effects of the composite particles in the present invention will be described in detail.

[Advantageous effects]

[0117] The present inventors have attempted to disperse composite particles having two covering layers as disclosed
in Patent Document 3 in a fluororesin film, whereby it has sometimes happened that discoloration, a change in solar
reflectance and deterioration of mechanical strength of the film are not sufficiently prevented. Therefore, the present
inventors have studied the reason and have found the cause to be such that with the composite particles as disclosed
in Patent Document 3, the covering layer containing cerium oxide and the covering layer containing silicon oxide are
both likely to fall off from the particle containing titanium oxide in the following steps (α), (β) or (γ) in the production of a
fluororesin film. That is, in the following step (α), (β) or (γ), in many particles, the above-mentioned two covering layers
fall off from the particles containing titanium oxide, so that the surface not covered by cerium oxide (the surface of the
particles containing titanium oxide) is exposed, whereby from such a portion, discoloration, decomposition and photo-
catalysis of titanium oxide occurs. It has been found that as a result, discoloration, a change in solar reflectance and
deterioration of mechanical strength of the film have occurred.

(α) A step of forming a covering layer containing silicon oxide on the covering layer containing cerium oxide, followed
by pulverizing agglomerates of such particles to adjust the particle size to a level of from 0.2 to 0.8 Pm.
(β) At the time of melt-forming a fluororesin film, a step of preliminarily subjecting the surface of the composite
particles to dry-system or wet-system hydrophobic treatment, and in the case of drying, pulverizing agglomerates
of particles after the drying.
(γ) A step of kneading the composite particles and a fluororesin in an extruder.

[0118] Therefore, a further study has been made, and the present inventors have found it possible to prevent falling
off of the covering layer containing cerium oxide by further forming a covering layer containing silicon oxide between
the particle containing titanium oxide and the covering layer containing cerium oxide. That is, they have found it possible
to prevent falling off of the second covering layer and the third covering layer by sequentially forming on a particle
containing titanium oxide, a first covering layer containing silicon oxide, a second covering layer containing cerium oxide
and a third covering layer containing silicon oxide, thereby to stably and highly prevent discoloration, decomposition and
photocatalysis of titanium oxide. Details of the mechanism for preventing falling off of the second covering layer and the
third covering layer by providing the first covering layer are not clearly understood, but it is considered that the first
covering layer plays a role as a binder to firmly adhere the particle containing titanium oxide and the second covering layer.
[0119] With the second covering layer, cerium oxide contained in that layer has an ultraviolet ray-shielding ability and
thus reduces the amount of ultraviolet rays that reach the particle containing titanium oxide. It is thereby possible to
prevent an influence of the ultraviolet rays over titanium oxide covered by the second covering layer.
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[0120] Even in a case where the second covering layer is not provided, deterioration of the fluororesin film by the
photocatalysis can be suppressed to some extent, since the particle containing titanium oxide is not in contact with the
fluororesin. However, if the second covering layer is not provided, the effect to suppress deterioration of the fluororesin
film is low. This indicates that in order to prevent deterioration of the fluororesin film, it is important not only to avoid the
contact of the particle containing titanium oxide with the fluororesin but also to reduce ultraviolet rays that reach the
particle containing titanium oxide.
[0121] The third covering layer prevents deterioration of the ultraviolet ray-shielding ability of the second covering
layer by hydrogen fluoride. The mechanism for the deterioration of the ultraviolet ray-shielding ability of the second
covering layer by hydrogen fluoride is as follows.
[0122] From a fluororesin, hydrogen fluoride will be formed for the following reason.

(I) At the time of kneading the fluororesin and the composite particles, or at the time of forming a fluororesin film,
hydrogen fluoride will be formed by heat decomposition of the fluororesin film.
(II) When the fluororesin film is exposed to sun light, hydrogen fluoride will be formed by photodecomposition of the
fluororesin.
(III) If titanium oxide not sufficiently covered, is present, hydrogen fluoride will be formed by decomposition of the
fluororesin by its photocatalysis.

[0123] If cerium oxide is reacted with hydrogen fluoride, it is converted to cerium fluoride having a low ultraviolet ray-
shielding ability, whereby the ultraviolet ray-shielding ability of the second covering layer will be deteriorated.
[0124] By the composite particles of the present invention, the third covering layer is provided to protect cerium oxide
of the second covering layer from hydrogen fluoride, whereby deterioration of the ultraviolet ray-shielding ability of the
second covering layer is prevented.
[0125] As described in the foregoing, in the composite particles in the fluororesin film of the present invention, by the
second covering layer containing cerium oxide excellent in ultraviolet ray-shielding ability, the amount of ultraviolet rays
that reach titanium oxide is reduced, whereby discoloration, decomposition and photocatalysis of titanium oxide by
ultraviolet rays are prevented. Further, by the third covering layer containing silicon oxide having relatively high durability
against hydrogen fluoride, deterioration of the ultraviolet ray-shielding ability of the cerium oxide by hydrogen fluoride is
prevented. Further, by the first covering layer containing silicon oxide that is provided between the particle containing
titanium oxide and the second covering layer, the adhesion between the particle containing titanium oxide and the second
covering layer is improved. It is thereby possible to prevent falling off of the second covering layer and the third covering
layer even in the above-mentioned step (α), (β) or (γ) wherein a large shearing force is exerted to the composite particles.
As a result, the composite particles in the present invention are capable of stably maintaining the ultraviolet ray-shielding
ability by cerium oxide for a long period of time thereby to stably prevent discoloration, decomposition and photocatalysis
of titanium oxide for a long period of time.
[0126] Further, in the composite particles of the present invention, the second covering layer is covered by the third
covering layer containing silicon oxide, whereby the yellow tint of cerium oxide is reduced. Thus, the inherent color of
the particle containing titanium oxide used as a core, can be reproduced.
[0127] Thus, by using the composite particles, discoloration, a change in solar reflectance and deterioration of me-
chanical strength of the fluororesin film can be stably and highly prevented for a long period of time.
[0128] The effect of using the composite particles provided with the first covering layer is obtainable particularly
distinctly in a case where the composite particles and another pigment are both dispersed in the fluororesin film of the
present invention. Discoloration of the fluororesin film by photocatalysis of titanium oxide works to change the color more
white. Therefore, in the case of a white fluororesin film using the composite particles of the present invention alone, it
is white from the beginning of its production, and accordingly, even if photocatalysis develops, discoloration may not be
clearly recognized. However, for example, in a case where it is used in combination with a black pigment (carbon black)
to form a light gray fluororesin film, or in a case where it is used in combination with a green pigment (NiCoZnTi oxide)
to form a pale green fluororesin film, if the film changes to white by photocatalysis, such a color change is distinctly
recognized. That is, when a weather resistance test is carried out in such a case, in the fluororesin film of the present
invention, the effect to prevent discoloration is distinctly observed.
[0129] A change up to a color difference ∆E* of about 3 may be allowable, but a change exceeding that level brings
about a clearly different color, such being undesirable. In order to show particularly excellent weather resistance, the
color difference ∆E* is preferably at most 1.

EXAMPLES

[0130] Now, the present invention will be described in detail with reference to Examples and Comparative Examples.
However, it should be understood that the present invention is by no means restricted by the following description.
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[0131] Examples 1 to 9 are working Examples of the present invention, and Examples 10 to 17 are Comparative
Examples.

(Contents of titanium oxide, cerium oxide and silicon oxide)

[0132] The contents of titanium oxide, cerium oxide and silicon oxide were quantitatively analyzed by means of SEM-
EDX Integration System S-3400NX manufactured by Hitachi, Ltd.

(Average particle size of composite particles)

[0133] Obtained composite particles were put in isopropanol to bring the solid content concentration to about 0.1
mass%, whereupon the composite particles were completely dispersed by ultrasonic waves. Then, they were dropped
on a collodion membrane, dried and then subjected to a SEM observation by means of a scanning electron microscope
(SEM-EDX Integration System S-3400NX manufactured by Hitachi, Ltd.). An average value of diameters of twenty
particles randomly selected in the obtained SEM image, was taken as the average particle size.

(Solar reflectance)

[0134] The solar reflectance of a fluororesin film was measured in accordance with JIS R3106 "Test methods for
transmittance/reflectance/emissivity/solar radiation heat acquisition rate of plate glasses" by means of a spectropho-
tometer (UV-3100PC manufactured by Shimadzu Corporation).

(Accelerated weathering tests)

[0135] An accelerated weathering test for 5,000 hours was carried out by means of a sunshine weather meter equipped
with an open frame carbon arc lamp in accordance with JIS K7350-4 (300 Sunshine Weather Meter, manufactured by
Suga Test Instruments Co., Ltd.).
[0136] After the accelerated weathering test, the discoloration of the fluororesin film was measured.

(Color difference)

[0137] With respect to the color difference before and after the weathering test of the fluororesin film, the reflection
colors (L*, a*, b*) were measured, and the color difference was obtained from such reflection colors. The reflection colors
were measured in accordance with JIS Z8722, by means of Spectrophotometer SC-T manufactured by Suga Test
Instruments Co., Ltd.

EXAMPLE 1

PRODUCTION OF COMPOSITE PARTICLES:

[0138] A titanium oxide pigment (CR50 manufactured by Ishihara Sangyo Kaisha, Ltd., titanium oxide particles having
an average particle size of 0.20 Pm) and, as a dispersant, sodium pyrophosphate corresponding to 0.05 mass% as
calculated as P2O5, were added to water, followed by preliminary pulverization by means of a sand mill to obtain an
aqueous slurry having a titanium oxide concentration of 300 g/L. 0.4 L of this slurry was heated to 80°C with stirring,
and while maintaining that temperature, an aqueous sodium silicate solution corresponding to 5 mass% as calculated
as SiO2 based on the titanium oxide particles, was added. Then, sulfuric acid (1 N) was added over a period of 60
minutes so that the pH became about 5, followed by aging with stirring for 60 minutes to form the first covering layer of
dense water-containing silica. Thereafter, by means of a suction filter, washing and solid liquid separation were carried
out to obtain a covering treatment product. The obtained covering treatment product was baked at 700°C over a period
of one hour by means of an electric furnace to obtain a baked product (silicon oxide-covered particles).
[0139] By the fluorescent X-ray analysis, silica was 5 parts by mass per 100 parts by mass of titanium oxide.
[0140] The above baked product was put in water and subjected to wet-pulverization by means of a sand mill to
redisperse the silicon oxide-covered particles thereby to obtain an aqueous slurry having a concentration of 300 g/L.
While heating and stirring it at 80°C, an aqueous cerium nitrate solution (cerium content: 19 mass% as calculated as
CeO2) was dropwise added to the aqueous dispersion. To such an aqueous dispersion, a sodium hydroxide solution
was added to neutralize the dispersion to pH 7 to 9 to let cerium hydroxide precipitate on the surface of the silica-covered
titanium oxide to obtain cerium hydroxide-covered particles. The liquid containing the cerium hydroxide-covered particles
was subjected to filtration, and the cerium hydroxide-covered particles were washed with water and dried. Agglomerates
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of the cerium hydroxide-covered particles were pulverized to obtain cerium hydroxide-covered particles.
[0141] The cerium hydroxide-covered particles were added to 10 L of pure water and dispersed for one hour by a
disper mill to obtain an aqueous dispersion. While heating and stirring such an aqueous dispersion at 80°C, 348 g of
No. 3 sodium silicate (silicon content: 28.5 mass% as calculated as SiO2) was added to the aqueous dispersion. At that
time, dilute sulfuric acid (a 2 N aqueous solution) was also added to maintain the pH of the liquid to be from 9 to 11, and
stirring was further continued for one hour. Then, dilute sulfuric acid (a 2 N aqueous solution) was added to bring the
pH of the liquid to be from 6 to 8 to form a third covering layer on the cerium hydroxide-covered particles thereby to
obtain precursor particles.
[0142] The liquid containing the precursor particles was subjected to filtration, and the precursor particles were washed
with water and dried. Agglomerates of the precursor particles were pulverized to obtain precursor particles.
[0143] The precursor particles were baked at 500°C for two hours, and agglomerates of particles were pulverized by
a hammer mill to obtain composite particles having an average particle size of 0.25 Pm.
[0144] The content of titanium oxide in the composite particles was 68.6 mass%, the content of cerium oxide was 10.0
mass%, and the content of silicon oxide was 21.4 mass%. From this result and the result of the above fluorescent X-
ray analysis, in 100 mass% of the composite particles, titanium oxide was 68.6 mass%, silicon oxide in the first covering
layer was 3.4 mass%, cerium oxide in the second covering layer was 10.0 mass%, and silicon oxide in the third covering
layer was 18.0 mass%.
[0145] Thus, per 100 parts by mass of titanium oxide, silicon oxide in the first covering layer was 5.0 parts by mass,
cerium oxide in the second covering layer was 14.6 parts by mass, and silicon oxide in the third covering layer was 26.2
parts by mass.
[0146] 200 g of the composite particles were put into a small size Henschel mixer, and then, 100 g of a solution having
14 g of isobutyl trimethoxysilane dissolved in water/methanol=1/9 (mass ratio) was slowly added, followed by stirring
for 10 minutes. The wet particles were dried at 120°C for 1 hour and again disintegrated by the small Henschel mixer
for 2 minutes to obtain surface-treated composite particles. The methanol hydrophobicity of the composite particles was
60%, and the average particle size was 0.25 Pm.
[0147] Between before and after the hydrophobic treatment, no change was observed in the average particle size.

PRODUCTION OF FLUORORESIN FILM:

[0148] 60 g of the surface-treated composite particles, 1 g of carbon black (Acetyleneblack granular products, man-
ufactured by Denki Kagaku Kogyo Kabushiki Kaisha) and 1,939 g of ETFE (FLUON ETFE: 88AX, manufactured by
Asahi Glass Company, Limited) were dry-blended by a V mixer to obtain a mixture. The mixture was put into a twin
screw extruder, kneaded at 320°C and then pelletized.
[0149] The pellets were formed at 320°C by a T-die system to obtain a fluororesin film having a thickness of 50 Pm.
As described above, in the fluororesin film (100 mass%), 3 mass% of the composite particles, and 0.05 mass% of carbon
black were contained.
[0150] The color difference (∆E*) of reflected light and the change in solar reflectance of the fluororesin film before
and after the accelerated weathering test are shown in Table 2.

EXAMPLES 2 to 5

[0151] By changing the charged amounts of materials, in the same manner as in Example 1, composite particles
shown in Table 1 were obtained. A fluororesin film was obtained in the same manner as in Example 1 except that such
composite particles were used.
[0152] The color difference (∆E*) of reflected light and the change in solar reflectance of the fluororesin film before
and after the accelerated weathering test are shown in Table 2.

EXAMPLE 6

[0153] By changing the charged amounts of materials, in the same manner as in Example 1, composite particles
shown in Table 1 were obtained. Then, by changing the charged amounts of the composite particles and carbon black,
in the same manner as in Example 1, a fluororesin film shown in Table 1 was obtained. The thickness of the film was
controlled by adjusting the lip width of the T-die to obtain the prescribed thickness.
[0154] The color difference (∆E*) of reflected light and the change in solar reflectance of the fluororesin film before
and after the accelerated weathering test are shown in Table 2.
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EXAMPLES 7 and 8

[0155] By changing the charged amounts of materials, in the same manner as in Example 1, composite particles
shown in Table 1 were obtained. Using such composite particles and using MnBi composite oxides (6301 BM manufac-
tured by Asahi Glass Company, Limited Sangyo Kaisha, Ltd.) as a black pigment instead of carbon black, by changing
the charged amounts, in the same manner as in Example 1, a fluororesin film shown in Table 1 was obtained.
[0156] The color difference (∆E*) of reflected light and the change in solar reflectance of the fluororesin film before
and after the accelerated weathering test are shown in Table 2.

EXAMPLE 9

[0157] By changing the charged amounts of materials, in the same manner as in Example 1, composite particles
shown in Table 1 were obtained. Using the composite particles in an amount shown in Table 1 without using a black
pigment, by changing the charged amounts, in the same manner as in Example 1, a fluororesin film shown in Table 1
was obtained.
[0158] The color difference (∆E*) of reflected light and the change in solar reflectance of the fluororesin film before
and after the accelerated weathering test are shown in Table 2.

EXAMPLES 10 to 17

[0159] By changing the charged amounts of materials, in the same manner as in Example 1, composite particles
shown in Table 1 were obtained. Here, Example 10 is titanium oxide itself having no covering layer formed. A fluororesin
film shown in Table 1 was obtained in the same manner as in Example 1 except that such composite particles were used.
[0160] The color difference (∆E*) of reflected light and the change in solar reflectance of the fluororesin film before
and after the accelerated weathering test are shown in Table 2.
[0161] In Table 1, "CB" means carbon black, and "MnBi" means MnBi composite oxide.
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TABLE 1

Composite particles Fluororesin film

Mass% Parts by mass Composite particles 
[mass%]

Another pigment
Thickness [Pm]

TiO2 (1) SiO2 (2) CeO2 (3) SiO2 TiO2 (1) SiO2 (2) CeO2 (3) SiO2 Type [mass%]

Ex. 1 68.6 3.4 10.0 18.0 100 5.0 14.6 26.2 3 CB 0.05 50

Ex. 2 75.8 1.2 5.0 10.0 100 1.6 6.6 13.2 3 CB 0.05 50

Ex. 3 89.0 1.2 4.0 5.8 100 1.3 4.5 6.5 3 CB 0.05 50

Ex. 4 79.0 8.0 2.5 8.0 100 10.1 3.2 10.1 3 CB 0.05 50

Ex. 5 66.0 4.0 20.0 10.0 100 6.1 30.3 15.2 3 CB 0.05 50

Ex. 6 68.6 3.4 10.0 18.0 100 5.0 14.6 26.2 6 CB 0.02 200

Ex. 7 68.6 3.4 10.0 18.0 100 5.0 14.6 26.2 6 MnBi 0.30 200

Ex. 8 68.6 3.4 10.0 18.0 100 5.0 14.6 26.2 6 MnBi 0.15 200

Ex. 9 68.6 3.4 10.0 18.0 100 5.0 14.6 26.2 6 - - 200

Ex. 10 100.0 0.0 0.0 0.0 100 0.0 0.0 0.0 3 CB 0.05 50

Ex. 11 92.0 8.0 0.0 0.0 100 8.7 0.0 0.0 3 CB 0.05 50

Ex. 12 96.0 4.0 0.0 0.0 100 4.2 0.0 0.0 3 CB 0.05 50

Ex. 13 80.0 20.0 0.0 0.0 100 25.0 0.0 0.0 3 CB 0.05 50

Ex. 14 72.0 0.0 10.0 18.0 100 0.0 13.9 25.0 3 CB 0.05 50

Ex. 15 77.0 0.0 5.0 10.0 100 0.0 6.5 13.0 3 CB 0.05 50

Ex. 16 90.2 0.0 4.0 5.8 100 0.0 4.4 6.4 3 CB 0.05 50

Ex. 17 70.0 0.0 20.0 10.0 100 0.0 28.6 14.3 3 CB 0.05 50
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[0162] As shown in Table 2, with the fluororesin films in Example 1 to 9 employing composite particles having a four-
layered structure wherein on the surface of a titanium oxide particle, the first covering layer made of silicon oxide, the
second covering layer made of cerium oxide and the third covering layer made of silicon oxide were sequentially formed,
the color difference (∆E*) after the weathering test was at most 1.1. Further, in the solar reflectance before and after the
accelerated weathering test, the change was 1.6% (Example 5) even at the largest, i.e. no substantial change was
observed. Thus, the fluororesin films of the present invention showed excellent weather resistance.
[0163] On the other hand, with the fluororesin film in Example 10 employing titanium oxide having no covering layer
formed, the color difference was as large as 10.1, and the color was remarkably changed to white. Further, the change
in solar reflectance was as large as 13.4.
[0164] With the fluororesin films in Examples 11 to 13 employing composite particles having no second and third
covering layers formed, the color difference exceeded 5, and the solar reflectance changed by from about 7 to 8%.
[0165] With the fluororesin films in Examples 14 to 17 employing composite particles having no first covering layer
formed, the color difference exceeded 3, and the solar reflectance changed by about 4%. That is, with the fluororesin
films in Example 14 to 17, the weather resistance was inferior as compared with the fluororesin films in Examples 1 to
3 and 5 employing composite particles having equivalent second and third covering layers.
[0166] As shown in the foregoing, in the fluororesin film of the present invention, composite particles having the first
covering layer formed between the particle containing titanium oxide and the second covering layer containing cerium
oxide, are used, whereby discoloration, and a change in solar reflectance of the film are stably and highly prevented,
and the film had excellent weather resistance.

INDUSTRIAL APPLICABILITY

[0167] The fluororesin film of the present invention is useful e.g. as a roof material, a wall material, etc. for outdoor
exhibition facilitates, sport facilities, etc. Further, it is also effective for an application to be used semi-outdoor, such as
the outermost film of a back sheet of a solar cell.
[0168] The entire disclosure of Japanese Patent Application No. 2009-176620 filed on July 29, 2009 including spec-
ification, claims, drawings and summary is incorporated herein by reference in its entirety.

TABLE 2

L*/a*/b* before and after test Color difference ∆E* Solar reflectance [%]

Before test After test Before test After test Difference

Ex. 1 67.88/-0.95/-0.79 68.88/-0.90/-0.70 1.0 30.2 31.2 1.0

Ex. 2 67.95/-1.04/-0.74 68.88/-1.00/-0.74 0.9 30.3 31.5 1.2

Ex. 3 66.88/-1.60/-3.26 67.34/-1.45/-3.56 0.6 27.8 28.9 1.1

Ex. 4 68.29/-1.04/-0.72 69.21/-0.89/-0.66 0.9 30.9 32.0 1.1

Ex. 5 67.92/-1.01/-0.74 68.87/-0.45/-0.56 1.1 30.1 31.7 1.6

Ex. 6 82.23/-0.45/-0.12 82.56/-0.44/-0.23 0.3 52.4 52.5 0.1

Ex. 7 79.86/-0.05/-0.21 80.01/-0.44/-0.23 0.4 62.9 62.7 -0.2

Ex. 8 90.94/-0.12/-0.06 90.56/-0.10/0.05 0.4 74.6 74.5 -0.1

Ex. 9 97.07/-0.22/-0.12 97.85/-0.45/0.12 0.8 84.0 84.0 0.0

Ex. 10 68.04/-0.97/-0.77 78.18/-0.77/-0.66 10.1 31.1 44.5 13.4

Ex. 11 69.94/-1.42/-1.04 75.55/-0.44/-1.23 5.7 33.8 40.6 6.8

Ex. 12 69.65/-1.83/-3.94 76.22/-0.99/-2.44 6.8 33.2 41.2 8.0

Ex. 13 67.07/-1.48/-3.06 72.56/-1.28/-2.88 5.5 29.8 36.8 7.0

Ex. 14 67.98/-0.98/-0.77 71.40/-0.88/-0.70 3.4 31.0 35.0 4.0

Ex. 15 67.86/-0.92/-0.76 71.01/-0.82/-0.66 3.2 30.8 35.0 4.2

Ex. 16 67.93/-1.01/-0.72 71.04/-0.88/-0.66 3.1 30.4 34.5 4.1

Ex. 17 69.92/-1.49/-3.60 73.79/-1.45/-3.21 3.9 33.2 37.6 4.4
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Claims

1. A fluororesin film comprising a fluororesin and the following composite particles dispersed in the fluororesin:

Composite particles characterized in that each of them comprises, in order from the inside, a particle containing
titanium oxide, a first covering layer containing silicon oxide or a composite oxide of silicon oxide and aluminum
oxide, a second covering layer containing cerium oxide and a third covering layer containing silicon oxide, and
their average particle size is from 0.15 to 3 Pm.

2. The fluororesin film according to Claim 1, wherein the composite particles are composite particles wherein per 100
parts by mass of the titanium oxide, the silicon oxide in the first covering layer is from 0.5 to 15 parts by mass, the
cerium oxide in the second covering layer is from 3 to 35 parts by mass, and the silicon oxide in the third covering
layer is from 5 to 60 parts by mass.

3. The fluororesin film according to Claim 1 or 2, wherein the content of the composite particles is at most 20 mass%.

4. The fluororesin film according to any one of Claims 1 to 3, which has a solar reflectance of from 15 to 90% as
measured in accordance with JIS R3106.

5. The fluororesin film according to any one of Claims 1 to 4, wherein the fluororesin is an ethylene/tetrafluoroethylene
copolymer.

6. A process for producing a fluororesin film as defined in Claim 1, which comprises surface-treating the surface of the
composite particles with a surface-covering agent to adjust methanol hydrophobicity of the composite particles,
kneading the surface-treated composite particles and a fluororesin to obtain a resin composition, and forming the
resin composition into a film-form.

7. A process for producing a fluororesin film as defined in Claim 1, which comprises kneading the composite particles,
a fluororesin and a metallic soap to obtain a resin composition, and forming the resin composition into a film-form.
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